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Fig. 3. 3D schematic diagram of the automated transplanting machine of hydroponic Eustoma.
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Fig. 4. Process planning for automated transplanting operations. Plug operation area: a full cycle

1. Move the new tray to
the first row

2. Advance one row after
completing a row
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T

completes 24 rows to fill a 288-cell (12x24) plug tray, with seedlings clamped 3 times per
row before moving to the next row; polystyrene tray operation area: a full cycle completes
5 rows to fill a 40-cell (8x5) polystyrene tray, with seedlings placed 2 times per row before
moving to the next row.
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Fig. 5. Two key devices of the transplant mechanism (A) The plant grasping device; (B) The plant

jacking device.
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Fig. 6. The automated transplanting machine of hydroponic Eustoma (A) Prototype machine 1st
generation; (B) Prototype machine 2nd generation.
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Table 1. Comparison of specifications for two hydroponic Eustoma automated transplanters

Prototype Generation 1 Prototype Generation 2
Volume (length, width, height) 1.7 m, 3.3 m, 1.8 m 1.6 m,2.05m, 1.6 m
Weight 850 kg 410 kg
PLC FATEK OMRON

The plant grasping device(M638295),

Transplant Mechanism o .
The plant jacking device(M636649)

Multiple Belt, Mechanical linkage,
Variable Pitch Mechanism Gear Assembly, Belt driven Module,

Stepper Motors Servo Motors

Belt & Idler, Belt driven Module,
Gantry Mechanism Slide Rail, Slide Rail,

Stepper Motors Servo Motors
Conveyor mechanism Belt conveyor

Z-axis adjuster No Yes
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Fig. 7. Differences in specifications of two hydroponic Eustoma automated transplanters (A) The
human-computer interface of prototype machine lst generation; (B) The human-computer
interface of prototype machine 2nd generation; (C) The wvariable pitch and gantry
mechanism of prototype machine 1nd generation; (D) The variable pitch mechanism and
gantry of Prototype machine 2nd generation; (E) Prototype machine 2nd generationis is
equipped with a Z-axis adjuster; (F) The Z-axis adjuster adjusts the distance between the
plant grasping device and the plug.
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Table 2. The clamping operation of two hydroponic Eustoma automated transplanters

Prototype Generation 1 Prototype Generation 2
Success (%) 95.83 a' (n=69) 94.12 a (n= 64)

! Same letters indicate non-significant differences between machines at 0.05 level by Independent samples t-test.
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Table 3. The clamping operation of two hydroponic Eustoma automated transplanters

Success (%)

- - Fail (%)
Single Plant Multiple Plants
_ 90.16 a' 2.08b 7.75a
Prototype Generation 1
(n=1779) (n=18) (n=167)
) 86.93 a 597 a 7.10 a
Prototype Generation 2
(n=1709) (n=49) (n=58)

! Same letters indicate non-significant differences between machines at 0.05 level by Independent samples t-test.
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Table 4. The planting operation of two hydroponic Eustoma automated transplanters

Success (%) Fail (%)
Single Plant Multiple Plants No Plant Put in & Pull up
Prototype 89.12 a' 0.46 a 8.10 a 0.46 a
Generation 1 (n=1770) (n=20) (n=70) (n=4)
Prototype 88.11a 3.06a 735a 1.47 a
Generation 2 (n=1719) (n=25) (n=60) (n=12)

! Same letters indicate non-significant differences between machines at 0.05 level by Independent samples t-test.
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Table 5. The average working time of two hydroponic Eustoma automated transplanters

288 cells plug 40 cells polystyrene tray
A Row A Plate A Plate
Prototype Generation 1 61.10sec a' 25min 26sec a 3min 33sec a
Prototype Generation 2 42.60sec b 17min 45sec b 2min 21sec b

!'Same letters indicate non-significant differences between machines at 0.05 level by Independent samples t-test.
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Fig. 8. Operation status of the automated transplanting machine of hydroponic Eustoma (A)

Successful fifting of seedlings; (B) Successful picking of seedlings; (C) Successful

transplantation of seedlings; (D) Picking multiple seedlings (marked with red circles); (E)

Failure to pick seedlings (marked with red circles); (F) Condition of seedling roots

affecting transplantation success rate: (1) Well-rooted, @ Poorly rooted.
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The Development and Application of an
Automated Transplanting M achine of
Hydroponic Eustoma’

Yu-Chen Hung *, Chia-Wei Chang ?,
Chin-Yuan Chang * and Yun-Sheng Tien *

ABSTRACT

Eustoma has quickly become a prominent cut flower industry in Taiwan in recent years. To
improve automation in cultivation and address labor shortages, this study developed an automated
transplanting machine for hydroponic Eustoma, aiming for practical industrial application. The
machine's primary function is to automate the process of lifting seedlings from plugs, spacing and
evenly transporting them, and transplanting them into seedling cups within polystyrene trays. The
machine is equipped with two utility model patents: a plant gripping device (M638295) and a plant
jacking device (M636649), which together serve as the transplanting mechanism. Currently, two
prototypes generation 1 and generation 2 have been developed and tested across three stages of the
transplanting process: lifting, clamping, and placing seedlings. Both prototypes achieved an overall
success rate of over 90%, indicating stable functionality of the transplanting mechanism. With
optimized overall design, prototype generation 2 features a more simplified mechanism and lower
manufacturing costs. Its operational efficiency is 33.83% higher compared to the first-generation
prototype, with average transplanting times of 42.6 seconds for 12 seedlings, 17 minutes and 45
seconds for a 288-cells plug, and 2 minutes and 21 seconds for a 40-cells polystyrene tray, making
it more suitable for practical industry needs. This study evaluates that the machine has reached the
stage of practical application, with plans to conduct field tests using prototype generation 2. The
goal is to implement labor-saving mechanization in the industry, reduce the cultivation burden on

farmers, and enhance production scale and economic efficiency.

Key words: Eustoma, hydroponics, transplantation, mechanical automation
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